At present, Argentina does not count with a production of indigenous yeast strains with suitable technological and oenological features to be used in the regional winery industry. Isolation and molecular characterization of these microorganisms and its fermentation attributes would be relevant to the sustainable development of the activity in the country and to recognize and preserve the biodiversity of the region. Eight strains isolated from grapes and musts from the North Patagonian region and genetically identified as Saccharomyces cerevisiae, were studied for their fermentation behavior, emphasizing in hexose transport through the plasma membrane, which is the limiting step of the process. Thus, sugar consumption profiles were analyzed in different media at laboratory scale, to be subsequently applied to the fermentation of natural musts. Three of the eight initial strains were selected, named ÑNM10, ÑIF8 and ÑMN16 according to their fermentation profiles. The expression of hexose transporters during fermentations revealed interesting differences in the response of each strain to sugar consumption, where transporters HXT2 and HXT5 showed significant changes in expression in Patagonian strains, which are normally associated to endurance to culture stress conditions. The results obtained by combining the characteristics studied, at molecular and physiological level, are extremely encouraging. Native strain ÑMN16, showed a high potential for application in local winemaking. Assays carried out on a pilot scale will determine the feasibility of applying this strain with promising technological features at industrial scale.
Introduction
Winemaking is a complex enological process involving different microbial groups, where yeasts play a fundamental role in Alcoholic Fermentation (AF), the critical phase of this process [1] . Yeasts convert the principal grape sugars (glucose and fructose) into ethanol, carbon dioxide and different primary metabolites that confer a particular character to wine [2] [3] . Grapes contain equal amounts of both hexoses, reaching a total concentration of 160 to 300 g/L. Saccharomyces cerevisiae, the yeast species commonly involved in conducting AF, is a glucophilic yeast, preferring glucose instead of fructose. During this process, glucose is consumed faster than fructose and therefore the latter becomes the main sugar present in the final stages. Yeasts should use this nonpreferred sugar after starvation periods, low levels of nitrogen and in presence of high concentrations of ethanol [4] . These environmental conditions of stress can cause slow fermentations; thus the ability of yeasts for consuming fructose is a strain-dependent property that would guarantee the maintenance of high fermentative rates until the end of the productive development. That is why this metabolic trait is a very important criterion for selection of yeasts with oenological potential aiming to achieve an adequate drying of the must [5] [6] .
Utilization of hexoses by yeasts depends on expression of transporters in the plasmatic membrane, since the internalization of sugar is the limiting step for its subsequent metabolization. Uptake of hexoses in Saccharomyces is mediated by specific transporters belonging to a superfamily of facilitators of flow for monosaccharides with twelve transmembrane domains, denominated HXT [7] [8] . Until now, 18 genes involved in transport of hexoses have been identified: HXT1-HXT17 and GAL2, coding for Hxt1p-Hxt17p and Gal2p transporters, respectively [4] . However, under normal conditions the incorporation of hexoses into the cell is conduced only by six transporters: Hxt1p to Hxt6/7p, which differ considerably in its affinity and specificity for substrates [9] [10].
The expression of a single HXT gene depends on several environmental factors, where medium hexose concentration detected by the yeast cell is an important signal. Transporters with moderate (Htx2p, Htx4p y Htx5p) and high (Hxt6p y Hxt7p) affinity are induced by small amounts of glucose and repressed by high amounts of this hexose, while low affinity ones (Hxt1p y Hxt3p) are induced by high glucose concentrations or only are feebly regulated by the concentration of this sugar [4] [11] . Both groups, low and high affinity transporters, demonstrated to have more affinity for glucose than for fructose and this difference can affect the utilization rates of those hexoses. The quality of the fermentation conducted by S. cerevisiae is strongly influenced by the specificity of the transporters expressed in each strain.
The Patagonian region, located at 37˚5' and 40˚5' southern latitude, is a wine-producing region in Argentina and one of the most Southern regions dedicated to this activity in the world. This area presents advantageous agro-ecological conditions for high quality vitiviniculture [12] and its production is mainly represented by young dry wines from red Vitis vinifera varieties, such as Merlot and Pinot noir, which have met in this region optimal conditions for their full oenological expression [13] . However, the pressure of an increasingly competitive international market and consumer demands for new styles of wines impose challenges to Patagonian winemakers that require technological innovation. In recent years, there has been a growing interest among wine-researchers and winemakers towards the selection of autochthonous strains to develop starter cultures that are potentially better adapted to grow in a specific grape must, reflecting the biodiversity of a given region and supporting the notion that specific native yeast strains can be associated with a terroir [14] - [16] . Previous microbiological studies in our region revealed a geographical structuration of indigenous populations of S. cerevisiae associated to local vinifications [17] . The maintenance of the biological patrimony and the exploitation of the biodiversity of indigenous fermentative strains is essential to obtain yeasts with specific phenotypes that potentially develop the typical flavour and aroma of wines from particular grapevine cultivars and to ensure the conservation of gene pools of technological importance [2] [14] .
In this framework, the aim of the present work was to characterize hexose consumption by Saccharomyces cerevisiae strains isolated from wineries of the North Patagonian region, focusing particularly on fructose meta-bolization. In addition, the molecular expression of the hexose transporters was evaluated along the fermentation in order to detect individuals with better uptake profiles.
Materials and Methods

Samples
Merlot and Malbec varietal grapes and musts were obtained from a cellar placed in the Neuquén province, (latitude: 38˚56'09.06"S longitude: 68˚03'36.87"W altitude: 338 m), in the North Patagonian region, Argentina. Grape samples were collected aseptically from 4 years old vineyards at vintage using a cross sampling protocol, where fifteen grape bunches corresponding to 15 different plants were collected in each vineyard for each varietal. Grape bunches were transferred to sterile containers. Grape musts were obtained during natural AF at pilot scale (200 L) or during controlled AF (using commercial starters) at industrial scale. Samples were collected by the enologist in sterile glass containers (1 L) after the remount process (to ensure a homogeneous mixture), in three different stages: beginning (approximately 12 -14 ˚Bmé), middle (approximately 6 ˚Bmé) and at the end (<0 ˚Bmé) of fermentation. Samples were transported to the laboratory and conserved at 4˚C until processing.
Yeast Isolation and Molecular Characterization
Yeasts associated to grape surfaces were obtained by shaking of berries (180 rpm) in sterile water for 1 h followed by sonication (30 sec × 3,300 Watts). Aliquots (1 mL) of suspensions from grapes or musts were subjected to successive dilutions and plated by dissemination in surface in GPY agar (pluripeptone 0.5%, yeast extract 0.5%, Glucose 2%, Agar 2%), adjusted to pH 4.5 -5. Plates were incubated for 48 to 72 h at 26˚C until colonies developed. The isolate colonies were characterized and selected according to their morphology and their frequencies of appearance. Yeasts were identified by restriction analysis (PCR-RFLP) of the region encompassing the ITS1, 5.8SrRNA and ITS2 (5.8S-ITS region) as described in [18] . PCR-RFLP patterns obtained for each isolate were compared with those of reference strains available in the www.yeast-id.org database. Yeast identifications were confirmed by sequencing the D1/D2 domain of the 26S rRNA gene [19] [20] . The sequences were edited and assembled using MEGA6™ software [21] and then subjected to a GenBank BLASTN. For isolates belonging to Saccharomyces cerevisiae species, an analysis of polymorphism of restriction fragments of mitochondrial DNA using endonuclease Hinf I (DNAmit RFLP) was conducted [22] .
Strains and Culture Conditions
S. cerevisiae isolates were stored in glycerol (20% v/v) as cryoprotective agent at −20˚C. When needed, cells were cultured in GPY medium (pluripeptone 0.5%, yeast extract 0.5%, Glucose 2%), for 48 hs at 28˚C. In each treatment performed to the native yeasts, a commercial strain commonly used as starter in local wineries, Saccharomyces cerevisiae BC1118, was used as control standard. This strain was selected by its known technological performance and metabolism at the molecular level.
Microfermentations
After 48 hours at 28˚C activation in GPY broth, each pre-inoculum of the analyzed yeast strain was transferred to vials with distilled water for 24 hs to induce a cell starvation condition. Subsequently, cell suspensions were used to inoculate individually experimental media in an initial cell concentration of 10 5 cfu/mL: 1) YNB medium (Yeast Nitrogen Base with amino acids and ammonium sulphate (Difco), 0.67%), called basal medium (BM), supplemented with 20% glucose (w/v) (BMG); 2); 20% fructose (w/v) (BMF); 3) a mixture 10% (w/v) of both sugars (BMGF); 4) Pinot noir natural must from the Comahue region, vintages 2012 and 2013. Two volumes of fermentation were evaluated: 10 mL of BMG (n = 3), BMF (n = 3), and BMGF (n = 4), 60 ml of BMGF (n = 4) and 60 ml Pinot noir must (n = 3). All fermentation processes were conducted for 21 days at 28˚C.
Statistical Treatment and Modelling
Statistical modeling and data treatment were made under the "nlme" library of R statistical software [23] . Relative weight loss of CO 2 production during fermentation was modeled by the Gompertz reparametrized equation proposed by [24] , where:
being "A" the maximum asymptote of the modeled curve, "m" the exchange rate during the exponential phase, "λ" the determinant of the lag phase, y = Weight loss (g•L −1
) and x = time (days). The level of significance of parameters A, m and λ for each strain was analyzed by the method of Wald and pairs of means comparison through LSD test. Sugar consumption was assessed by modeling glucose and fructose concentration by the equation developed by [25] for reducing the concentration of chemicals in foods, modified by [26] to adjust the surface color parameters L*, a* and b* on foods over time. So modified, this equation allowed the convergence of data of residual sugars in broth and must. The model has the following form:
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where D is the lower asymptote (parameter t → ∞), S 0 is the initial specific value for each setting, and Kc is the rate of change in days . Again, data were analyzed statistically using the program R (R Core Team 2014) [23] with "nlme" package, according to a nonlinear mixed effects model and adjusted by Maximum Likelihood.
Molecular Analysis of Expression of Hexose Transporters
Total yeast RNA was isolated at 0, 7, 14 and 21 days of fermentation in synthetic must (BMGF) using the MasterPure™ Yeast RNA Purification Kit" Epicentre ® , Illumina ® commercial kit. Isolated RNAs were stored at −80˚C. Reverse transcription of mRNA was achieved using qScript™ cDNA SuperMix (Quanta Biosciences™) kit for 5 minutes at 25˚C, 30 minutes at 42˚C, 5 min 85˚C and a final cycle at 4˚C, in a Progene thermocycler (Techne, Cambridge, UK). cDNA of Hxt1p to Hxt6/7p transporters were amplified by PCR using specific primers described by Lee and Lee (2008) , [27] . Primers for actin protein were used as an internal control. The reaction was carried out for 15 min at 95˚C, 30 seconds at 94˚C, 30 seconds at 58˚C and 30 seconds at 72˚C, and a final extension step 72˚C for 10 min. PCR products were separated in a 1.5% (w/v) agarose gel, and DNA bands were visualized staining with GelRed™. A 100 bp DNA ladder was used as a molecular weight marker (Genbiotech, Argentina). Semi-quantitative analysis of the expression of each hexose transporter was carried out quantifying its signal intensity against actin signal in different steps along the fermentations using 1.37 V Densitometric Software ImageJ (NIH, USA). Statistical analysis of the relative intensities of the bands in agarose gels was performed with the Statistica 8.0 software. Average of this rates and its relative standard deviation was calculated with one-way ANOVA module and homogeneous groups through LSD test.
Results
Strain Selection
From the isolations obtained in the North Patagonian region in the 2005/2006 vintages from Merlot and Malbec varietals, 110 S. cerevisiae strains were identified at the species level. Almost half of the S. cerevisiae strains were identified as starter cultures (49%), as expected in the controlled fermentations that were deliberately inoculated. However, starter profiles were also identified from natural fermentation samples, which suggest the presence of those "contaminants" in cellar surfaces. From the native strains detected (51%), eight individuals from different mitochondrial profiles were selected to continue this work. Notation for the selected strains was developed as follows: first letter: storage of origin (Ñ: Añelo cellar); second letter: type of winemaking (N, natural; I, Inoculated); third letter: stage of the fermentation (I, initial, M, medium, F, final); the number indicates the order of isolation within each series. Therefore, studies continued with ÑNM10, ÑIF5, ÑNF13, ÑNF9, ÑNF8, ÑNM16, ÑIF8, and ÑNF7 native strains. In addition, each assay performed was contrasted with results obtained with commercial strain S. cerevisiae BC1118.
Microvinification in Synthetic and Natural Must
Native and control S. cerevisiae evaluated strains were studied according to their fermentation profiles. CO 2 levels released during microvinifications were assessed by weight loss of the fermenters, in g·L −1 for each of the culture broths (BMG, BMF and BMGF) during 21 days. Data of weight loss of each fermenter was treated statistically following the proposed model of [24] , and using the Gompertz reparametrized equation where parameters describing growth curves were obtained with R statistical program (R Core Team 2014), under the "nlme" package. Values obtained with the statistical analysis for parameters A (the maximum asymptote of the modeled curve), m (the exchange rate during the exponential phase) and λ (the determinant of the lag phase) for each strain in synthetic media, standard deviations and homogeneous groups are shown in Table 1 . The use of and YNB-Glucose 10%-Fructose 10% (BMGF) broths for the eight strains studied and the control strain with their corresponding standard errors. Equivalent letters indicate belonging to the same group at a significance level of 5% (α = 0.05). Values expressed in bold show the most important assemblages at the final consumer asymptotic capacity (A) and consumption rate (m), reflecting a better performance of the strain to achieve fermentation.
BMG or BMF broths allowed to identify differences in sugar consumption for some of the strains. When native yeasts were studied in glucose as the only carbon source, they showed an increased development evidenced by the m parameter values or the A asymptotic values reached in the modeled equation, compared with development in the fructose supplemented media. Statistical differences were observed among the strains (p < 0.05) so, based on the obtained parameters, strains with the best profiles of glucose utilization (strain ÑIF8), fructose utilization (strain ÑNM16) and mixed sugar utilization (strain ÑNM10), were chosen to continue the characterization. The behaviour of the native strains previously selected was tested in a Pinot noir must at laboratory scale to evaluate a natural media. Profiles of weight loss are shown in Figure 1 and results of parameters obtained by modelling data of each strain are shown in Table 2 . Results from the accumulated production of CO 2 showed similar behaviour for the four strains; however, the parameter of the lag phase (λ) of the indigenous strain ÑNM16 was similar to commercial strain and significantly lower than the native strain ÑNM10. These minor phases of latency may be associated with a better ability of these strains to adapt to environmental conditions and quickly begin the fermentation process.
On the other hand, glucose and fructose consumption for these four selected strains was measured and modelled. Residual sugars resulting curves performed in BMGF culture media are shown in Figure 2 Table 3 . In both media, concentrations of glucose and fructose decreased rapidly at the beginning of fermentation at 28˚C for the four strains studied. This was indicative of a short delay phase for all studied yeasts. When fermentations ended, remnant glucose and fructose concentration differences decreased significantly. In both fermentations, a decrease in glucose concentration preceded the decrease of fructose concentration resulting in fructose remnants higher than glucose in the sampled day. This behaviour is also reflected in glucose Kc parameter values compared with fructose Kc values ( Table 3) . While yeasts can utilize fructose concomitantly, its low consumption rates evidenced comparing Kc values, indicate that this is not the preferred sugar. However, the strain ÑNM16 showed a preference for fructose in both, synthetic medium and natural musts, statistically different (p < 0.05). For this strain, fructose and glucose kinetic parameters were deferential to the other strains tested. Modeling k for fructose consumption in BMGF media, a parameter associated to substrate utilization, rendered very small values compared to the other media analyzed, and negative values for the D parameter. This fact implies that fructose is preferred for this strain. In addition, ÑNM16 evidenced a greater relative ability to quickly start the fermentation process than the other strains, native and control. Parameters obtained for Pinot noir fermentation differed from the BMGF fermentation. These results suggest that the complex natural media from the grape must, bearing other nutritional components different from the hexoses (vitamins, polyphenols, lipids and other micronutrients) take the fermentative metabolism from the yeasts to a more robust behavior, improving hexose consumption efficiency in all the tested strains.
Expression Analysis of Hexose Transporters along Fermentation
Strains with better hexose consumption profiles were selected and expression of membrane transporters was studied throughout the fermentation. The expression of six hexose transporters was studied at the beginning of fermentation (before inoculation) and at fermentation days 7, 14 and 21. Isolated RNAs were retrotranscripted to cDNA and amplified by the technique of polymerase chain reaction, as described in the previous section. In parallel, cDNA from housekeeping actin protein was amplified and the relative level of the hexose transporter expression using actin as the internal control was analysed. Figure 3 shows band intensity relative values (HXT intensity/Actin intensity) for all the transporters, in day 0 and day 14 th . Statistical differences in expression between transporters along the fermentation were only observed for HXT2 and HXT5 proteins ( Table 4 ). In the 14 th day, ÑNM16 strain showed a higher expression of those transporters compared to the other studied strains. It is noteworthy to say that in none of the sampled days and under any amplification conditions tested, transporters HXT6/7 gene expression was detected. This may indicate a possible change in the sequence for the native strains, compared to the reference strain model from which the primers were generated, a fact that would deserve further investigation. Polymorphisms analysis has been carried out in S. cerevisiae transporters genes, and some of the sequences show a high number of substitutions, which could explain our results [28] [29].
Discussion
This work was carried out under the hypothesis that S. cerevisiae yeast strains isolated from vineyards or cellars from the North Patagonian region may contribute in fermentations to a better substrate consumption, rendering higher quality local wines. Under this framework, eight native S. cerevisiae strains were analysed in must sugar utilization using physiological and molecular methods to evaluate their potential application in local vinicultural processes.
Rising ethanol concentrations towards the end of the fermentation may affect hexose transport affinity and consumption, being fructose metabolization more affected than glucose metabolization, possibly generating stuck or sluggish fermentations, a major problem in the global wine industry [30] [31] . Under these conditions, an excessively high fructose to glucose ratio is observed, and since fructose is approximately twice as sweet to taste as glucose, excess fructose can cause undesirable sweetness in wines [32] - [34] . Therefore, one of the challenges in strain selection for wine fermentation is to find fructophilic individuals to conduct or collaborate in the process.
In our assays, this glucose/fructose preference in BMGF broths was also observed showing the glycophilic character of the S. cerevisiae autochthonous species, extensively described in literature [5] [30] . However, one of the native strains, ÑNM16, was selected due to its fermentative behavior with a better performance in BMF broths. This strain evidenced differential parameter values for modeled growth in fructose and modeled sugar consumption compared with the other studied strains, revealing a preference for fructose over glucose, implying its important enological potential.
According to the literature, differences in glucose or fructose utilization are attributable to differences in hexose transport [4] or in hexokinase kinetic properties [35] . To analyze the differences in hexose consumption found in ÑNM16 native strain, hexose transporter molecular expression was evaluated during broth fermentation. Interestingly, ÑNM16 strain showed statistical differences in Hxt2p and Hxt5p expression, which was higher towards the end of the fermentation (day 14 th ) compared to the other strains, a fact that initially presents contrary to what was observed in other studies [36] . HXT2 gene encodes a high affinity glucose transporter that is expressed under conditions of glucose limitation contributing to yeast survival under this stress situation, [37] , and is the better suited transporter for the utilization of very low external hexose levels [7] , Hxt2p was found highly expressed in 2% fructose cultures than in 2% glucose cultures and strongly induced by media alkalization [37] . ÑNM16 over expressing Hxt2p may present as an adaptive variant to develop in stress conditions and nutritional deficient media.
On the other hand, HXT5 gene is expressed upon a decrease in the growth rate of cells when glucose is still available in the medium, presenting a maximal expression upon glucose depletion [38] [39] . The abundance of Hxt5p during nutrient limitation suggests that it is involved in the generation of an intracellular signal of nutrient availability [40] . When cells endure starvation periods, they might anticipate glucose re-exposure by expressing the Hxt5p transporter, an advantage that could enable cells to take up glucose instantly after new hexose supplementation. Cells presenting this improved metabolic pathway of energy management efficiency may outcompete other yeasts [41] . These transcriptional regulations are physiologically relevant suggesting an enhanced metabolism to endure stressing conditions. In addition, Hxt5p is associated to glycogen or trehalose production under stress conditions towards the conclusion of the fermentation, as the observed for all the tested strains, because increasing osmolality of the growth medium also induces expression of HXT5. Trehalose formation depends on glucose availability and Hxt5p may provide glucose to fulfil disaccharide production purposes [38] . Starved cells accumulating carbon hydrates suggest that Hxt5p could be responsible for this glucose uptake activity [42] .
Conclusion
Autochthonous ÑNM16 may be adapted to overexpress proteins that allow the strain to survive in the stressful climate from North Patagonia and to compete with other strains for the space. These data suggest that the initial work hypothesis could be accepted. From a technological point of view, S. cerevisiae ÑNM16 presented interesting metabolic features to be considered for enological application. In future studies, fermentation capacity at pilot scale and endurance for the dehydration/rehydration process involved in commercial yeasts lyophilizing treatments should also be tested.
